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 Abstract 
 
This study was conducted to investigate   the impact of the structure 
of open poultry housing on the physiological performance of layer birds, in 
two seasons, namely, winter and summer. The investigation involved (11) 
open houses which were surveyed in Khartoum State. The parameters 
tackled in the similar breeds, with more or less similar management; 
however, the only variables were the house structure, dimensions and shape. 
The same production parameters were measured in the eleven houses during 
winter and summer seasons; including: rectal temperature, feed intake, egg 
production, egg shell thickness and egg weight. 
The summer parameters in all the houses were compared with an extra 
house (house12) in the Department of Physiology which was considered, 
according to its structure and dimensions, to be an ideal open poultry house 
in which extra blood parameters (haemoglobin, packed cell volume, 
leukocytes count, calcium level, total plasma proteins and albumin) were 
recorded  to evaluate the choice of this (ideal) house and correlate these 
values with the production parameters.  
All the houses structures were photographed and their lay-out 
sketches were drawn. The birds (at 8 months of age) were housed with 
similar stoking density. Meteorological, house environment, body 
temperature and production parameters were surveyed. Statistical analyses 
were performed in the two seasons and between the different houses in the 
two seasons separately.  
 There were significant difference in houses temperature during 
summer  (P<0.001) and winter (P< 0.05); the lowest  temperature, in winter 
and summer was recorded in house (11) which was the best structured, 
house while the  highest one was recorded in house (6) due to its poor 
structure.  
Humidity decreased significantly in winter (P< 0.05) with the lowest 
value in house (4), however,   humidity increased significantly in summer in 
all houses (P< 0.001) with the highest value observed in house (2). 
Radiation temperature ranged between 30.73°C – 34.34°C in winter, 
and 43.720c – 48.920c in summer showing significant difference (P<0.001) 
between houses . Nevertheless, radiation values in house (11) and house (12) 
were almost similar, 43.720c and 43.830c respectively.  
  Rectal temperature increased significantly (P< 0.001) in all houses 
during summer. However, it’s with similar level was in house (11) and 
house (12).   
The different in egg production between the houses in winter and 
summer were highly significant (P<0.001). House (6) showed the least 
production in summer and winter compared with house (11) which was 
comparable with house (12). 
There was no significant difference in egg weight and egg shell 
thickness in winter, however, the thickness and weight decreased 
significantly in summer (P< 0.001) in all houses and houses No 11and 12 
showed the highest egg shell thickness.   
The food intake followed the accepted pattern during winter and 
summer; birds consumed more food in winter than summer. Feed intake 
ranged between 741.92 – 790.75 g/week in winter. During summer season it 
ranged between 587.25 – 687.67 g/week in all the houses, however, 697.67 
 g/week and 682.75 g/week were observed in house (12) and (11) 
respectively. This might reflect the similarity in structure between the two 
houses. In house (12) blood parameters were stable for 12 weeks in summer 
season.    
It was concluded that the house structure, size, height and the 
materials used, have a positive effect on the productivity when the heat 
stress is reduced. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  ــﺔــﺨــﻼﺻـاﻟ
 
اﻟﺒﻴﺎض اﻟﺪﺟﺎج  أداءاﻟﻤﻔﺘﻮﺣﺔ ﻋﻠﻲ  ﻓﺔ اﺛﺮ ﺗﺼﻤﻴﻢ ﺣﻈﺎﺋﺮ اﻟﺪواﺟﻦأﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﻟﻤﻌﺮ
 ﺗﺤﺘﻮي ﻋﻠﻲﻊ اﻟﺤﻈﺎﺋﺮ ﺟﻤﻴ ،ﺑﻮﻻﻳﺔ اﻟﺨﺮﻃﻮم ﺣﻈﻴﺮة 11ﺗﻢ اﺧﺘﻴﺎر  .ﺧﻼل ﻓﺘﺮﺗﻲ اﻟﺸﺘﺎء واﻟﺼﻴﻒ
اﻟﻤﻌﺎﻟﻒ  ﻋﺪد، ﻣﺜﻞ ﻣﺴﺘﻮي اﻟﻌﻠﻒ اﻷﺧﺮى ﻌﻮاﻣﻞت ﺟﻤﻴﻊ اﻟﺛﺒﺎ ﻊأﺷﻬﺮ ﻣ 8ﺑﻌﻤﺮ  (namhoL)ﺳﻼﻟﺔ 
 اﻻﺧﺘﻼف ﻓﻰ ان ﻳﻜﻮن أﺳﺎسﺗﻢ اﺧﺘﻴﺎر اﻟﺤﻈﺎﺋﺮ ﻋﻠﻰ  .ﺪد اﻟﻄﻴﻮر ﻓﻰ اﻟﻤﺘﺮ اﻟﻤﺮﺑﻊﻤﺸﺎرب، ﻋواﻟ
ﺛﻢ ارﺗﻔﺎع اﻟﺤﻮاﺋﻂ  اﻟﺴﻘﻒ ﻴﺔﺷﻜﻞ وﻧﻮﻋﺣﻴﺚ اﺧﺘﻼف اﻟﻄﻮل ،اﻟﻌﺮض، اﻻرﺗﻔﺎع، ﻦاﻟﺤﻈﺎﺋﺮ ﻣﺗﺼﻤﻴﻢ 
ﻗﺮاءات  أﺧﺬت. ﻮرواﻻﻧﺘﺎﺟﻰ ﻟﻠﻄﻴ اﻟﻔﺴﻴﻮﻟﻮﺟﻲ اﻷداءهﻮ اﻟﻌﺎﻣﻞ اﻟﻤﺆﺛﺮ ﻋﻠﻰ وهﺬا اﻟﺘﺼﻤﻴﻢ  ،اﻟﺠﺎﻧﺒﻴﺔ
ﺟﺴﻢ درﺟﺔ ﺣﺮارة  اﻟﻨﺴﺒﻴﺔ،، اﻟﺮﻃﻮﺑﺔ اﻹﺷﻌﺎع، درﺟﺔ ﺣﺮارة اﻟﻬﻮاء ﺣﺮارةﻜﻞ ﻣﻦ درﺟﺔ أﺳﺒﻮﻋﻴﺔ ﻟ
   .وﺻﻴﻔًﺎ اﻟﺒﻴﺾ ﺷﺘﺎًء اﻟﺒﻴﺾ، وزن اﻟﺒﻴﺾ وﺳﻤﻚ ﻗﺸﺮة إﻧﺘﺎجﻣﻌﺪل اﺳﺘﻬﻼك اﻟﻌﻠﻒ، ﺮ، ﺎﺋاﻟﻄ
ﻒ ﺑﻘﺴﻢ وﻇﺎﺋ( 21)ﺧﻼل ﻓﺘﺮة اﻟﺼﻴﻒ ﺗﻤﺖ ﻣﻘﺎرﻧﺔ  اﻟﻨﺘﺎﺋﺞ اﻟﻤﺨﺘﻠﻔﺔ ﺑﺎﻟﺤﻈﻴﺮة رﻗﻢ 
ﻣﻔﺘﻮﺣﺔ ﻗﻴﺎﺳﻴﺔ ﻣﻦ ﺣﻴﺚ  اﻧﻬﺎ ﺣﻈﻴﺮة أﺳﺎسﺟﺎﻣﻌﺔ اﻟﺨﺮﻃﻮم ﻋﻠﻰ  ،اﻟﺒﻴﻄﺮيآﻠﻴﺔ اﻟﻄﺐ  ،اﻷﻋﻀﺎء
ﺒﻴﻮﻣﻴﻦ، اﻟﺒﺮوﺗﻴﻦ ﻟاﻻ، ﺒﻮس اﻟﺪم، ﻋﺪد آﺮﻳﺎت اﻟﺪم اﻟﺒﻴﺾﻗﻴﺎس اﻟﻬﻴﻤﻮﻏﻠﺒﻴﻦ، آﺣﻴﺚ ﺗﻢ . اﻟﺘﺼﻤﻴﻢ
  .ﺔاﻹﻧﺘﺎﺟﻴ ﻌﻮاﻣﻞ ﻟﻠﺮﺑﻂ ﺑﻴﻨﻬﺎ وﺑﻴﻦ اﻟ ، وذﻟﻚاﻟﺤﻈﻴﺮة ﻬﺬﻩﺑﻓﻲ اﻟﻄﻴﻮر  اﻟﻜﻠﻲ وآﺎﻟﺴﻴﻮم اﻟﺪم
اﻟﻄﻴﻮر ﻓﻰ   ﺗﺴﻜﻴﻦ وﺗﻮزﻳﻊ ﻟﻠﺤﻈﺎﺋﺮ اﻟﻤﺨﺘﺎرة ﻣﻊ ﻣﺮاﻋﺎة   ﺗﺨﻄﻴﻄﻲﺗﻢ ﺗﺼﻮﻳﺮ ووﺿﻊ رﺳﻢ 
وﻣﻦ ﺛﻢ ﺗﻢ رﺻﺪ وﻣﻼﺣﻈﺔ اﻟﻌﻮاﻣﻞ اﻟﺘﻰ ﺗﺆﺛﺮ ﻋﻠﻰ درﺟﺔ ﺣﺮارة . ﺮهﺬﻩ اﻟﺤﻈﺎﺋﺮ ﺑﻨﻔﺲ اﻟﻜﺜﺎﻓﺔ واﻟﻌﻤ
  .اﻟﺼﻴﻒ واﻟﺸﺘﺎء ﻓﺘﺮﺗﻲﻓﻰ اﻟﺤﻈﺎﺋﺮ اﻟﻤﺨﺘﻠﻔﺔ ﺧﻼل  اﻹﻧﺘﺎﺟﻴﺔاﻟﻄﻴﻮر واﻟﻌﻮاﻣﻞ 
          ﻣﺴѧѧﺘﻮى ﻋﻨѧѧﺪ ﻓѧѧﻰ درﺟѧѧﺔ اﻟﺤѧѧﺮارة ﻓѧѧﻰ اﻟﺼѧѧﻴﻒﻣﻌﻨﻮﻳѧѧﺔ   ﺎتوﺟѧѧﻮد ﻓﺮوﻗѧѧاﻟﻨﺘѧѧﺎﺋﺞ  أﻇﻬѧѧﺮت  
اﻗﻞ درﺟﺔ ﺣﺮارة  (11)ﺣﻴﺚ ﺳﺠﻠﺖ اﻟﺤﻈﻴﺮة  (100.0>p) ﻣﺴﺘﻮيﻋﻨﺪ  ﺧﻼل اﻟﺸﺘﺎءو(  50.0 > p)
اﻟﺼѧﻴﻒ  ﺧѧﻼل  ﺣѧﺮارة  ﺳѧﺠﻠﺖ اﻋﻠѧﻲ درﺟѧﺔ ( 6) اﻟﺘﺼѧﻤﻴﻢ واﻟﺤﻈﻴѧﺮة ﻓѧﻰ  اﻷﻓﻀѧﻞ ﺑﺎﻋﺘﺒﺎرهﺎ اﻟﺤﻈﻴѧﺮة 
   .ﻟﺤﻈﻴﺮةا ﻬﺬﻩﻟ ﻢ اﻟﺠﻴﺪواﻟﺸﺘﺎء وﻳﺮﺟﻊ ذﻟﻚ ﻟﻌﺪم اﻟﺘﺼﻤﻴ
اﻗѧﻞ ( 4)ﺳﺠﻠﺖ اﻟﺤﻈﻴѧﺮة ﺧﻼل اﻟﺸﺘﺎء، ﺣﻴﺚ  (50.0 > p)اﻟﺮﻃﻮﺑﺔ اﻟﻨﺴﺒﻴﺔ اﻧﺨﻔﻀﺖ ﻣﻌﻨﻮﻳًﺎ 
   (.2)ﺑﻴﻨﻤﺎ ﺗﻢ ﺗﺴﺠﻴﻞ اﻋﻠﻲ درﺟﺔ رﻃﻮﺑﺔ ﻓﻲ اﻟﺤﻈﻴﺮة ، رﻃﻮﺑﺔ ﻧﺴﺒﻴﺔ
ﺖ ﺗﺮاوﺣѧ  ًﺎﺻѧﻴﻔ ، ﺑﻴﻨﻤѧﺎ ﺷѧﺘﺎء ً C°43.43 – C°37.03ﺑѧﻴﻦ  اﻹﺷѧﻌﺎع درﺟѧﺔ ﺣѧﺮارة ﺗﺮاوﺣѧﺖ   
و   C027.34ﻘѧﺮاءات اﻟوآﺎﻧѧﺖ  )100.0<P( اﻟﻤﻌﻨѧﻮي ﻤﺴѧﺘﻮى اﻟﻋﻨѧﺪ   C029.84 – C027.34ﺑѧﻴﻦ 
 . ﺎﻟﻲاﻟﺘﺘﻋﻠﻰ  )21(و  )11( ﺗﻴﻦﺮﻓﻰ اﻟﺤﻈﻴ  C038.34
 ﻓѧﻰ ﺟﻤﻴѧﻊ ( 100.0>p) اﻟﻤﻌﻨﻮيﻤﺴﺘﻮي اﻟ ﻋﻨﺪ اﻟﺼﻴﻒﻓﻲ  اﻟﻄﻴﻮرﺟﺴﻢ درﺟﺔ ﺣﺮارة زادت 
   (.21)و (  11)  ﺑﻴﻦ اﻟﺤﻈﻴﺮﺗﻴﻦ ﻣﻌﻨﻮياﻟﻨﺘﺎﺋﺞ ﻋﺪم وﺟﻮد ﻓﺮق  أﻇﻬﺮتاﻟﺤﻈﺎﺋﺮ آﻤﺎ 
ﺑѧﻴﻦ اﻟﺤﻈѧﺎﺋﺮ ﺗﺤѧﺖ  اﻟﺒѧﻴﺾ إﻧﺘѧﺎجﻓѧﻲ  (100.0>p)ﻣﻌﻨﻮﻳѧﺔ  اﻟﻨﺘѧﺎﺋﺞ وﺟѧﻮد ﻓﺮوﻗѧﺎت أﻇﻬѧﺮت
 ﺳѧﺠﻠﺖ ﻟﻠﺒѧﻴﺾ ﺑﻴﻨﻤѧﺎ إﻧﺘѧﺎجاﻗѧﻞ ( 6)ﺣﻴѧﺚ ﺳѧﺠﻠﺖ اﻟﺤﻈﻴѧﺮة  ،اﻟﺪراﺳѧﺔ ﺧѧﻼل ﻓﺼѧﻠﻲ اﻟﺸѧﺘﺎء واﻟﺼѧﻴﻒ
ﻟѧﻢ ﺗﻈﻬѧﺮ أي ﻓﺮوﻗѧﺎت ﻓѧﻲ اﻧﺘѧﺎج ( 11)اﻟﺤﻈﻴѧﺮة  .ﺧѧﻼل اﻟﻔﺼѧﻠﻴﻦ ﻟﻠﺒѧﻴﺾ إﻧﺘѧﺎجﻋﻠѧﻲ أ( 11)اﻟﺤﻈﻴѧﺮة 
  .ﺧﻼل ﻓﺼﻞ اﻟﺼﻴﻒ( 21)اﻟﺤﻈﻴﺮة  اﻟﺒﻴﺾ ﻣﻘﺎرﻧﺔ ﻣﻊ
ﻓѧﻲ وزن ( 100.0>p)  ﻞ اﻟﺘﻘﺮﻳﺒѧﻲ  وﺟѧﻮد ﻓѧﺮوق ﻣﻌﻨﻮﻳѧﺔ ﻧﺘﻴﺠѧﺔ اﻟﺘﺤﻠﻴѧ  أﻇﻬѧﺮت ﺧﻼل اﻟﺸﺘﺎء 
ﻓѧﻰ  (100.0>p) هﻨﺎﻟѧﻚ اﻧﺨﻔﺎﺿѧًﺎ ﻣﻌﻨﻮﻳѧﺎ ً وﻟﻜѧﻦ  ﺑﻴﻦ اﻟﺤﻈѧﺎﺋﺮ  ﺮة ﺧﻼل ﻓﺘﺮة اﻟﺸﺘﺎءوﺳﻤﻚ اﻟﻘﺸ اﻟﺒﻴﺾ
  .ﻘﺸﺮة ﺧﻼل اﻟﺼﻴﻒوزن اﻟﺒﻴﺾ وﺳﻤﻚ اﻟ
ﻓѧѧﺎن  اﻟﺼѧѧﻴﻒ واﻟﺸѧѧﺘﺎء  ﻓﺘﺮﺗѧѧﻲك اﻟﻌﻠѧѧﻒ اﻻﺳѧѧﺒﻮﻋﻰ ﺧѧѧﻼل ﻋﻨѧѧﺪ ﻣﺘﺎﺑﻌѧѧﺔ وﻗﻴѧѧﺎس ﻣﻌѧѧﺪل اﺳѧѧﺘﻬﻼ 
ﺗѧﺮاوح ، اﻣﺎ ﻓﻰ اﻟﺼﻴﻒ ﻓﻘѧﺪ ﺷﺘﺎًء أﺳﺒﻮع/ﻃﺎﺋﺮ/ﺟﻢ    57.097 – 29.147اﺳﺘﻬﻼك اﻟﻌﻠﻒ ﺗﺮاوح ﺑﻴﻦ
اﺳѧѧﺘﻬﻼك اﻟﻌﻠѧѧﻒ ﻓѧѧﻰ  ﺳѧѧﺠﻞ ﻣﻌѧѧﺪلﻓѧѧﻰ ﺟﻤﻴѧѧﻊ اﻟﺤﻈѧﺎﺋﺮ ﺑﻴﻨﻤѧﺎ  أﺳѧѧﺒﻮع/ﺟѧѧﻢ 76.786 – 52.785ﺑѧѧﻴﻦ 
  .اﻟﺘﺘﺎﻟﻲﻋﻠﻰ  أﺳﺒﻮع/ﻃﺎﺋﺮ/ﺟﻢ  76.796و  57,286(  21)و( 11)اﻟﺤﻈﻴﺮة 
 ﻢ اﻟﺤﻈﻴѧﺮة واﻟﻤѧﻮاد اﻟﻤﺴѧﺘﻌﻤﻠﺔ ﺗѧﺆﺛﺮ ﻣﻌﻨﻮﻳѧѧًﺎ وﺗﺼѧﻤﻴوﺣﺠѧﻢ ﺧﻠﺼѧﺖ اﻟﺪراﺳѧﺔ اﻟѧﻰ ان ارﺗﻔѧﺎع 
  .ﻟﻠﻄﻴﻮر اﻟﺤﺮاري اﻹﺟﻬﺎد ﻟﻚ ﺑﺘﺄﺛﻴﺮهﺎ ﻋﻠﻲذ و اﻹﻧﺘﺎﺟﻴﺔﻋﻠﻰ 
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CHAPTER ONE 
INTRODUCTION 
 
Poultry products are considered to be major human diet in many 
countries. Broiler production has experienced significant technological 
development in the last 30 years. The Brazilian broiler industry has 
reached a high degree of competitiveness in the 1980s, and it is 
currently the market leader in exports. Improved live performance 
efficiency and implementation of quality control in the broiler 
production chain has been constant in the Brazilian industry (Dawkins, 
2003). Animal welfare has become a major requirement for intensive 
production. Beak trimming, stocking density, free access to feed, heat 
stress, and ammonia are important issues, which have been worked on 
by several countries.  
Poultry production increased rapidly in the tropical and 
subtropical countries because of the dramatic population explosion in 
recent years. The production in these countries faces many challenges 
which result in the production performance remaining relatively 
inferior compared to that in temperate countries, in North America and 
Western Europe. One of the major challenges in the tropical countries 
is the high environmental temperature and high relative humidity 
(NRC, 1981). 
Poultry are often at stress to protect themselves against hot 
weather, consequently the environmental control systems are directed 
to minimize this problem of environmental stress, which is generated 
by excessive heat in poultry housing. To achieve best production for 
economic benefits, poultry housing should provide protection against 
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cold, rain, wind, and heat, and provides heat during brooding. Housing 
should also provide protection against predators, as well as good 
ventilation to remove ammonia, humidity, and carbon dioxide. Many 
innovative housing designs are used in range poultry production 
(Anne, 2007).  
Poultry housing in the Sudan can be classified into three main 
groups: Household poultry keeping, traditional open house and modern 
intensive cooled poultry housing. Major constraints in household 
poultry keeping and traditional open house producers are: inadequate 
in health care which is the major problem in the traditional poultry 
production. The small open house producers are suffering from low 
production or its stoppage during summer as a result of high 
environmental temperature. 
There are many factors which have a negative impact on 
productivity of poultry. Beside the breed, climatic conditions, 
management, nutrition and diseases, the type and structure of the open 
poultry houses might have major effects on egg production and other 
physiological performance. However, such houses impact is not fully 
studied in Sudan, where open poultry houses with varying structures 
might contribute to thermal stress especially during the hot season.          
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The objectives of this study are: 
1- To make a survey on the different open poultry houses  in 
Khartoum State, their structures, dimensions, heat load 
(temperature, humidity, radiation temperature and body 
temperature), productivity, feed intake, weight and egg quality 
under  more or less similar management parameters (e.g breed 
age, nutrition and stoking density in summer and winter 
seasons).      
2- To pick a standard (reasonable) house design for comparison 
beside close studies on layers, of similar age and management 
which will include egg production, egg quality, feed intake, egg 
weight, environmental parameters (temperature, humidity, 
radiation load). Furthermore, the heat load and its effects on 
body temperature, total protein, serum calcium and 
hematological parameters (Packed Cell Volume (PCV), 
Haemoglobin (Hb) and Total Leukocyte Count (TLC)) have 
been studied during summer. 
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 Poultry Housing 
The most important requirement for layers and growing broilers 
is adequate housing,  the house should be equipped so that such factors 
as temperature, moisture, air quality and light can be easily controlled. 
It should be also provide with efficient installation and operation of 
brooding, feeding, watering and other equipments. These are the 
requirements for simple open uncontrolled environment. However, for 
modern housing, poultry suppliers require buildings with insulated 
roofs, end and side walls, temperature control, ventilation and air 
movement. Poultry houses should have air inlets, exhaust fans, heaters, 
an evaporative cooling system, thermostats and timers to provide 
environmental control. Houses should be capable of maintaining 
appropriate temperatures during the entire growing cycle, regardless of 
outside temperature. Cold climates require additional insulation, 
whereas proper air speed becomes crucial in a hot environment 
(William.et,al 2001)  
The environment can be defined as the combination of external 
conditions (physical, biological and physiological) which affect or 
have an impact on animals and humans. The external conditions such 
as weather, light, disease, social, sound and wastes can affect animal 
production and physiological responses. Poultry producers try to 
control these factors, so that the bird can maintain normal 
physiological functions and produce meat or eggs at its maximum rate 
(Koelkebeck 2001). 
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Environmental control for poultry houses is generally provided 
by the use of fans and fogging; broiler’s housing still relies only on 
natural ventilation. Ideal poultry production requires a housing 
environment that provides suitable temperature and relative humidity, 
as well as promotes enough air circulation (Aradas et al., 2005).  
There are large numbers of variables affecting the micro-climate 
inside poultry housing. Several authors have studied the influence of 
heat stress on broiler’s performance under temperate and hot climatic 
rearing since the early 80’s (Ernst, 1982; Webster and King, 1987; 
Marder and Arad, 1989; and Nääs, 1992), and the influence of the 
physical microenvironment (temperature, humidity, light intensity, air 
velocity, etc.) on animal physiological responses and related 
performance has been demonstrated (Mount, 1979; Deaton et al., 
1997). Controlling the physical microenvironment in broiler 
production houses is an important element in optimizing the 
production process (Xin et al., 1994; Bottcher and Czarick, 1997; 
Gates et al., 1998, and Boni and Paes, 2000). 
2.2 Controlling House Environment 
Roof design and construction in the tropics must ensure total 
interception of solar radiation to prevent direct heat transference to the 
birds. Shade is crucial and can reduce the heat load.  Insulation of 
galvanised iron roofs is essential as it reduces transference of long-
wave radiation down on the birds (Mabbett, 2008). 
Almost all modern broiler houses rely on electronic controllers. 
Through the use of controllers, it is possible to keep house 
temperatures within five degrees of the desired temperature regardless 
of outside temperature. This makes it possible to keep the birds 
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comfortable so they are not diverting energy from growth and 
production to stay warm or cool. The controller monitors house 
environmental conditions and adjusts the heating, ventilation and 
cooling equipment are necessary to keep temperatures constant. 
Today, controllers can monitor temperature in six or more locations 
throughout the house. Humidity can also be monitored, although 
adjustments to heaters and fans are usually done on a temperature 
basis. As the house temperature fluctuates, the controller will turn on 
the brooders or fans as needed. The controller operates equipment in 
the house including: brooders, fans, inlet machines, curtain machines, 
evaporative cooling systems and lights. Many controllers also allow 
house conditions to be monitored remotely through a computer system 
(Brian 2005). 
Xin et al. (1994) studied the efficiency of houses designed for 
improved energy use by comparing ventilation systems and different 
evaporative cooling systems, the authors used the combination of air 
temperatures above 240C with relative humidity above 80%, in 
average, as critical environment. They also quantified broilers 
responses to thermal environments as expressed by flock productivity, 
air quality, and animal welfare. 
2.3 Environmental Temperature 
Under high environmental temperatures, the bird respiratory rate 
increases from approximately 29 cycles per minute (mild 
environmental temperatures) to more than 100 cycles per minute 
(environmental temperatures above the thermoneutral zone). The 
resulting hyperventilation decreases carbon dioxide and results in 
blood pH increases (respiratory alkalosis), which may decrease 
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eggshell thickness in approximately 12% (Campos, 2000). Carbon 
dioxide is responsible for eggshell quality improvement, as it may 
promote acidosis, which is subsequently compensated by kidney 
uptake of bicarbonate. Therefore, heat stress causes losses in egg 
weight, eggshell percentage, eggshell weight, and egg specific gravity 
(Macari et al., 1994; Nääs, 1992). 
Furthermore, high environmental temperature significantly 
decrease feed intake, egg production and live weight (Hsu et al., 1998). 
Nevertheless, Muiruri & Harison (1991) studied the performance of 
layers maintained under thermoneutral (25°C) or hot (35°C) 
temperatures, and concluded that environmental temperature does not 
influence egg weight or feed conversion ratio, but significantly 
decreases egg production and feed intake. 
2.4 Relative Humidity 
The humidity tends to become excessive in poultry houses when 
the body heat is conserved and becomes apparent when deposited as 
frost on the rafters and ceiling of the house in cold weather. It also 
becomes apparent when the litter on the floor is damp or wet in houses 
with very little ventilation. Noteworthy, since poultry do not have 
sweat glands, a large amount of moisture is given off in their breath 
(Lee R.A, 2010). 
  Ventilation flow in the building influences heat, moisture and 
gas balance, and thus it affects the indoor temperature, relative 
humidity and gas concentration (Blanes and Pedersen, 2005). In some 
Mediterranean areas, where the climate is warm and humid in the 
summer and cold in the winter, the ventilation fans in poultry houses 
are usually regulated according to temperature (for almost the whole 
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year) or on humidity criteria (usually, in the winter) (Blanes et al., 
2005). The ventilation, together with some other factors, such as 
building geometry, location, number and size of the inlets and exhaust 
fans and the presence of indoor obstacles, determines the airflow 
pattern in the buildings and, therefore, air velocity in the zone 
occupied by the animals (Harral and Boon, 1997; Smith et al., 1999; 
Bjerg et al., 2000, 2002). 
There are two distinct seasons which challenge poultry growers. 
Summer brings heat and humidity that requires tunnel ventilation to 
maintain production through evaporative cooling and higher air 
velocities that induce a wind chill effect on birds. Cold environmental 
temperature during winter requires burning significant amounts of 
propane to maintain house temperature during brooding. If cold air 
causes growers to burn expensive propane, the purpose of winter 
ventilation is to control moisture. Moisture is produced by birds 
through respiration, feces and urine. A single chicken produces a small 
amount of moisture, but 25,000 birds produce significant moisture 
(Wicklen, 2008). 
Three concepts are used to measure the humidity of air in 
poultry houses:  
1- Absolute humidity: grams of moisture present in 1 m3 of air.  
2- Maximum humidity: maximum grams of moisture that can 
be present in 1 m3 of air at maximum, at a given temperature.  
3- Relative humidity: the relation between the moisture content 
of the air and the maximum moisture content at the current 
air temperature expressed in percentages.  
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Measuring humidity (Relative humidity) in poultry houses is to 
determine whether respiratory disorders are due to too high or too low 
relative humidity. Too high relative humidity can lead to condensation 
in the house. Humidity also influences the chances of survival for 
micro-organisms. There are several ways of measuring the moisture 
content of poultry house air including the psychrometer dry/wet bulb 
and the mechanical hygrometer. Measuring the moisture content of air 
may be useful at times but due to the relatively higher costs of 
measuring the moisture content of air compared to measuring its 
temperature, the moisture content of air is not commonly measured as 
of yet. Controlling humidity, during intense heating of house air, when 
outside temperatures are low, leads to low relative humidity in the 
house. The ideal relative humidity for poultry is 60-80%. If the relative 
humidity is too high, this may result in wet litter. A too low relative 
humidity results in a dusty house (Hulzebosch 2005). 
2.5 Body Temperature 
Birds are warm blooded (homeotherms) i.e. within a certain 
range; their body temperature is quite constant. On average, the body 
temperature of birds is between 41oC and 42.2oC. Body temperature is 
regulated centrally by thermoregulatory center in the brain 
(hypothalamus) and is kept quite constant. This part of the brain is 
comparable to a thermostat. Constriction and dilatation of blood 
vessels and speed of respiration influence heat emission and retention 
and consequently influence the body temperature. It takes some time 
before heat regulating mechanisms start functioning in newborn 
animals and so they need a higher ambient temperature than adult 
animals do. Furthermore, the ratio between the surface area and weight 
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of young animals is unfavorable and they do not have any fat reserves 
(Hulzebosch, 2005). 
2.6 Heat stress 
Broilers reactions to poor thermal conditions often affect the 
growing response which is not always adequate to what the birds 
actually need (Aradas, et al 2005). 
Layers are also susceptible to heat stress for several reasons: 
First, their metabolic heat production is high due to the high rate of 
egg production (Blem, 2000). Secondly, there is little heat dissipation 
by convection and radiation, because of the very effective insulation of 
the body surface by their feathers. Thirdly, the hens lack sweat glands, 
and their respiratory water evaporation rate is not high enough to 
maintain normothermia at high ambient temperatures (Etches et al., 
1995). 
The dietary supplementation of Vitamin C increases the growth 
rate of bird by 4.5%. Furthermore, it improves the tolerability to 
stresses and reduced the mortality by 5% (McKee and Harrison, 1995). 
The most important physiological response of poultry to the 
environment is the constant maintenance of a homeothermic state 
(constant body temperature) during exposure to extreme ambient 
temperatures. Poultry responds physiologically to cold temperatures 
mainly by increasing internal metabolic rate to keep their body 
temperature normal (McKee, Harrison, 1995). During exposure to hot 
ambient temperatures, poultry have a more difficult problem to keep 
themselves cool and to maintain homeothermic body temperature. 
Since birds do not sweat, they must rely on evaporative cooling 
(panting) to keep themselves cool. This increased rate of panting 
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produces respiratory alkalosis. This physiological response is 
characterized by an increase in blood pH, along with a decrease in 
blood Pco2. This upsets the blood acid-base status and produces a 
decrease in blood calcium and bicarbonate [HCo3-] which are 
necessary for the production of strong egg shells. Thus, the ultimate 
problem is a production of thin-shelled eggs produced by laying hens. 
As for growing birds, heat stress affects them by depressing weight 
gain mainly due to reduced feed intake (Odom, 1985). 
2.7 Physical regulation of environmental temperature  
When temperatures are not within the comfort zone, birds have 
several mechanisms which enable them to keep their body temperature 
constant without having to produce extra heat. This is referred to as 
physical heat regulation. Factors influencing physical heat regulation 
include:  
1- Tissue insulation: if birds have a layer of subcutaneous fat, they can 
afford to let their skin temperature drop, if the animals are fed 
properly; they deposit a subcutaneous fat layer when temperatures 
decrease.  
2- Feathers: feathers have an insulating effect and decrease the amount 
of heat that is lost to the environment.  
3- Changing body position and huddling: birds can effectively regulate 
heat loss through its body position. Heat loss can be minimized by 
huddling. In hot weather the birds increase their body surface as much 
as possible.  
4- Vaporization of water: If temperatures are high or extremely high, 
sensible heat loss is minimized and almost all heat will have to be lost 
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as insensible (latent) heat, which is the heat lost from the body through 
the elimination of respiratory moisture.  
5- Flow of blood through skin and mucous membranes: The flow of 
blood to the skin and mucous membranes can be controlled through 
vasoconstriction and dilatation. The larger the flow of blood is, the 
more heat is lost. 
2.8 Chemical regulation of environmental temperature 
The chemical regulation of heat is another way for regulating 
the body temperature. In poultry, when the ambient temperature is not 
within the thermoneutral zone, the birds can increase feed intake  when 
the environmental temperature is below the thermoneutral temperature 
and decrease feed intake  when it is above the thermoneutral zone 
(Hulzebosch, 2005). 
Birds continually generate heat through body metabolism but 
during high, ambient air temperatures (35-40 0C), they are unable to 
loose heat through evaporation (John, 1986). Body temperature starts 
to rise, causing more heat to be produced and if unchecked, results in 
acute heat stress and death from hyperthermia. The act of feeding, 
moving around to find food, ingestion, digestion and assimilation, 
generates heat (specific dynamic action). Water intake may double 
initially but slips back to normal levels. There are documented 
negative effects of heat stress on layers including egg production, egg 
weight and shell weight (Mabbett, 2008). 
2.9 Physiological Responses of Poultry to the Environment 
Physiological responses of poultry to the climatic conditions 
vary tremendously depending on what type of environmental stress is 
involved. Air temperature and heat stress, have the most devastating 
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effect on physiological responses and production performance in 
poultry. The report which was conducted (Koelkebeck 2001) on ways 
and means of alleviating the negative effects of heat stress has merit 
status in the commercial poultry industry.  
When considering the birds microenvironment, the management 
parameters are the key factors. If the birds light (regime) is managed in 
the proper way, then egg production for layers and growth for broilers 
and turkeys can be maximized (Koelkebeck, 1984). However, if 
improper light stimulation is practiced, then egg production and 
growth will be inhibited. Another factor of the bird’s 
microenvironment which needs to be managed properly is temperature. 
If the poultry house environmental temperature is allowed to exceed 
normal ranges, then egg production, egg size, and growth will be 
negatively affected (Koelkebeck 2001). These factors along with 
others affect the bird’s metabolism which in turn is responsible for the 
output of eggs, meat, and body heat to maintain normal physiological 
processes and functions (Koelkebeck, 1984). 
In poultry, the maximum production of eggs or meat requires 
energy gained by the bird from the feed, which should utilized in the 
most efficient manner. Along with the utilization of energy by the bird, 
other nutrients such as protein, vitamins, and minerals must also be 
used efficiently in order to produce the most eggs or gain the most 
weight. If the factors that affect the bird’s physiological performance 
are not kept within proper limits, then the environment is considered to 
be a stressor. It has been also shown that the environmental stressors 
such as hot temperatures and high air humidity may affect birds in an 
additive manner if these stressors are imposed concurrently 
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(Koelkebeck, 2001). These stressors can negatively affect chick 
growth performance, feed intake and efficiency, and physiological 
status ( Reilly,et .al, 1991). 
2.9.1 The effect of temperature on physiological performance 
Heat is produced in the body as a result of the metabolic 
processes, ingestion and digestion of food and the utilization of 
nutrients for growth and reproduction. It is also produced as a result of 
muscular activity, respiration and circulation (Yousef, 1985). The rate 
of heat production in birds is affected by environmental temperature, 
the rate of metabolic heat production decreases with rise in ambient 
temperature up to 35OC (Vankampen, 1984). 
2.9.1.1 The effect of temperature on haematological Values 
Several factors including physiological, environmental and diet 
content affect the blood profile of healthy chicks (Vecereck et al., 
2002). Haematological values of chickens are influenced by age, sex, 
breed, climate, and nutritional status of species (Islam and Lucky, 
2004).The temperature stress increases some of blood serum values 
such as glucose, urea, triglyceride and cholesterol values and decreases 
total protein and Albumin values (Sahin, et al., 2001; Vo et al., 1978) 
identified that plasma total protein and total cholesterol change 
depending on the increase of environmental temperature. Furthermore, 
it has been reported that exposure to high temperature decreases 
plasma protein concentration (Zhou et al., 1998) and plasma calcium 
concentration (Mahmoud et al., 1996). Ozbey et al. (2004) reported 
that due to high temperature, blood serum glucose, urea, sodium, 
triglyceride and cholesterol levels increase, while the blood serum 
protein, albumin, inorganic Phosphorus and potassium level decrease. 
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Vo and Boone (1975) determined serum total protein in broiler chicks 
at 21.1, 29.4 and 37.8oC at 8 week of age, and the averages of it were 
3.2, 3.0 and 2.5g/dl of blood, respectively. 
In general, heat stress causes a decrease in total red blood cell 
count (RBC's.), which in turn caused a decreased hemoglobin 
concentration (HbC.) and packed cell volume (PCV.). This is due to 
the positive relationships between RBC's, HbC and PCV (Sturkie, 
1986).Vo et al. (1978) and Rautela et al. (1994) reported that high 
environmental temperature causes a decrease in Hb. 
The effect of season on blood profile of broiler chicks is well 
defined; on Plasma total protein, albumin and globulin are 
significantly decreased at high environmental temperature during 
summer compared to winter (Steven et al., 1985). It was clearly 
reported that serum calcium, potassium, phosphorus and sodium are 
significantly decreased at high environmental temperature (summer) 
when compared to low environmental temperature (winter)           
(Jenn, 1998). The values of hemoglobin, Packed cell volume and red 
blood cell count are significantly low during summer season compared 
to winter season. Therefore, this will affect, of course, the 
hematological indices. Low values of MCV, MCH and MCHC are 
obtained at high environmental temperature compared to low one 
(Okab 2008). 
Gharib (2005) found that hens, under heat stress conditions, had 
significantly lower PCV, by about 14.76 and 11.91%, as compared to 
the control hens, at the first and last days of heat stress, respectively. 
Rautela et al. (1994), Yahav and Hurwitz (1996) reported that, heat 
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stressed birds had significantly lower PCV than non-heat stressed 
ones. 
2.9.1.2 The effect of temperature on blood calcium 
Wollknson et al. (1979) reported a decrease in the plasma 
calcium of hens exposed to elevated temperatures that cause panting 
(34 to 40°C). 
Halley et al (1987) indicated that increased dietary Ca does not 
affect the body weight but considerably reduce foot diseases such as 
tibial dyschondroplasia, crooked legs and increase the tibial total ash. 
Lebbie and Ademosun (1988) showed that diets containing 0.8% Ca 
are not sufficient to support normal growth and lead to reduce Ca 
levels in blood and bones. Under tropical conditions, the optimum Ca 
level should be greater than 1.0% but should not exceed 1.2%. The 
Ca/P ratio should be in the range of 1.3-2.0/1.  Huyghebaert (1977) 
found that the optimum Ca/P ratio for chicks is 2.2/1 and that 1.04% 
Ca in the diet gives the best concentration of  tibial ash. 
Arad et al.(1993) and Usayran et al. (2001) reported that, high 
environmental temperatures significantly decrease serum or plasma 
calcium concentrations. The significant decrease in serum calcium, at 
higher temperatures, could be a consequence of the significant 
decrease in feed intake (Usayran et al., 2001). Also, Odom et al. 
(1985) found that, under heat stress conditions, free calcium in the 
hen's blood, decrease during the development of respiratory alkalosis, 
and this is due to thermal panting. The negative effect of heat stress on 
the serum calcium has been further confirmed by Gharib et al., (2005). 
Hens housed at the highest cage density have significantly lower 
serum calcium levels than those kept at lower cage density. 
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2.9.1.3 The effect of temperature on feed intake 
Environmental temperatures may cause changes in consumption 
patterns; birds consume more feed and less water during the part of the 
day with the lowest temperature and they show an increase water 
consumption and decrease feed consumption at high cyclic 
temperatures arise from changes that occur during part of the day 
(Jacob et al., 2009). The increase in water consumption precedes the 
reduction in feed consumption; the increase in water consumption 
preceded the peak temperature while the decrease in feed intake 
follows the peak temperature (May and Lott, 1992). 
Borges et al (2003) reported that high temperatures are directly 
related to decreased feed intake, as well as to the greater difficulty of 
losing heat to the environment when relative humidity is high.  
2.9.1.4 The effect of temperature on egg production 
High environmental temperatures have deleterious effects on 
growth and production performance of poultry. At high environmental 
temperature, the feed intake decreases and often results in                  
an inadequate nutrient intake contributing to poor performance. The 
shift in nutrient intake which is associated with decrease in feed intake 
at high ambient temperature, adversely influence productivity (growth 
or egg output) (Donkoh and Atuahene, 1988). 
Egg production and feed efficiency decrease when ambient 
temperature goes above the thermoneutral (Ensminger et al 1990) 
Egg production is highest when temperatures are within 
neutrality range (Smith, 1990). According to Poultry International 
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(1992) at air temperature of 25.50C and above, a drop in egg number, 
weight and egg size have been observed and a high temperature of 
30°C decreases the productivity of layers. Under high ambient 
temperature, core blood supply to the egg synthesizing rate is reduced 
through the neuro-endocrine mechanism. Under this condition, the 
nutrients needed for egg production will not be adequately supplied 
(Iheukwumere et al., 2006). Intensively managed layers on deep litter, 
under high temperatures, often practice all sorts of vices, which 
include feather pecking and sucking of egg yolk due to stress. 
2.9.1.5 The effect of temperature on egg quality 
Egg number is the major index of performance of commercial 
layer. It accounts for about 90% of the income in egg production farms 
(Oluyemi and Roberts,2000). Egg qualities particularly egg size is 
another important economic trait. It determines to a large extent the 
price received in any market and the standard range should be between 
53 and 63 grams (Obioha, 1992). Oluyemi and Roberts (2000) 
indicated that egg number and qualities are affected by some 
environmental factors, nutrition, egg, temperature, humidity and 
ventilation. Obioha (1992) demonstrated that management systems and 
management conditions, to which the birds are exposed, affect both 
egg production and egg qualities.  
        Egg production, egg weight, shell weight, shell thickness, and 
specific gravity are significantly inhibited in hens under heat stress  
Emery et al., (1984); Mahmoud et al.(1996), Mashaly et al., (2004). 
And this is due to reduction in feed consumption (Kirunda et al 2001) 
 
 
19  
 
2.9.2 The effect of humidity on physiological performance 
Relative humidity influences evaporative heat loss through 
panting. Broilers, as well as other domestic poultry, cannot tolerate 
high temperature coupled with high relative humidity. Death due to 
heat exhaustion will occur very quickly, especially in heavier birds, if 
both temperature and humidity are high (Jacob et al., 2009). In normal 
birds, panting removes approximately 540 calories per gram of water 
lost by the lungs (Gary, 2003). 
2.9.2.1 The effect of humidity on egg productivity 
Fresh-laid eggs vary in proportions and viscosity of the thin and 
thick white. The yolk membrane also varies in strength. These 
variations are probably due to feed, the season of the year, the period 
of the laying cycle, and individual characteristics of the hen (Filev and 
Popovska, 1990). It has been already mentioned that the rations does 
not influence the viscosity of the egg. Lorenz and Almquist (1933) 
reported that the percentage of firm white is lowered by higher air 
temperature during the hours immediately after the egg is laid, 
resulting in an apparent seasonal variation in internal egg quality. The 
poorer quality of eggs obtained during summer months is attributed to 
the higher temperature during this season. The finest quality eggs are 
claimed to be those laid in the spring, which coincides with the time of 
greatest production (Lowe 2007)  
2.9.2.2 The effect of humidity on egg quality 
Egg quality has been defined by (Kramer, 1951) as the 
properties of any given food that have an influence on the acceptance 
or rejection of this food by the consumer. Egg quality is a general term 
which refers to several standards defines both internal and external 
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quality. External quality is focused on shell cleanliness, texture and 
shape, whereas internal quality refers to egg white (albumen) 
cleanliness and viscosity, size of the air cell, yolk shape and yolk 
strength. 
 Internal egg quality involves functional, aesthetic and 
microbiological properties of the egg yolk and albumen. The 
proportions of components for fresh egg are 32% yolk, 58% albumen 
and 10% shell (Leeson, 2001). 
  There are many factors affecting egg and egg shell quality in 
laying hens. These include bird strain, age, nutrition, disease, 
management practices, water quality, housing conditions, temperature, 
disturbance or stress (Roberts, 2002). Sometimes, number of these 
factors interacts to cause a problem. Because of these interactions, the 
causes of egg and egg shell quality problems are often difficult to 
diagnose (Roberts, 2002).  
The factors which affect the functional quality of the egg shell 
mostly occur prior to the egg is laid. The thickness of the shell is 
determined by the amount of time it spends in the shell gland (uterus) 
and the rate of calcium deposition during shell formation (Roberts, 
2002). If the egg spends a short period in the shell gland, the thickness 
will be less. Furthermore, the time of the day when the egg is laid 
determines the thickness of the shell, also poor housing, high ambient 
temperature, rough handling of the eggs affect the egg shell quality. 
Since large eggs are more prone to cracks, the egg size must be 
managed through proper nutritional and lighting management (Gupta 
.L. 2008). 
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The decrease in internal egg quality, once the egg is laid, is due 
to the loss of water and CO2. In consequence, the egg pH is altered, 
resulting in watery albumen due to the loss of the thick albumen 
protein structure. The cloudy appearance of the albumen is also due to 
the CO2; when the egg ages, the CO2 loss causes the albumen to 
become transparent, compared with fresh eggs (Leeson, 2001). To 
minimize egg quality problems, two things are important, frequent egg 
collection, mainly in the hot months, and rapid storage in the cool 
room. The best results are obtained at a temperature of 10 °C.  
According to (Leeson, 2001) there are six main factors affecting 
internal egg quality these are: disease, egg age, temperature, humidity, 
handling, and storage. 
External egg quality and poor eggshell quality has been of major 
economic concern to commercial egg producers (Roland 1988).          
Information obtained from egg grading facilities indicates that 10% of 
eggs were downgraded due to egg shell quality problems (Roland 
1988). Based on values from the United Kingdom, Germany and the 
United State of America it has been estimated that the incidence of 
broken eggs ranges between 6 and 8% (Washburn, 1982). To maintain 
consistently good shell quality throughout the life of the hen, it is 
necessary to implement a total quality management programme 
throughout the egg production cycle. It has been always recognized 
that the hen has the most extraordinary method of obtaining and 
depositing calcium in the entire animal kingdom. An egg has an 
average of 2.3 g of calcium in the shell, and almost 25 mg in the yolk 
(Etches et al., 1995). A modern hen laying 330 eggs per cycle will 
deposit 767 g of calcium; assuming a 50% calcium retention rate from 
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the diet, the hen will consume 1.53 kg of calcium per cycle (Leeson, 
2001). 
Exterior egg quality is judged on the basis of texture, colour, 
shape, soundness and cleanliness according to USDA (2000) 
standards. The shell of each egg should be smooth, clean and free of 
cracks. The eggs should be uniform in colour, size and shape. There 
are five major types of shell problems in the egg industry: 1. cracks 
due to excessive pressure; 2. cracks due to thin shells; 3. body-checks; 
4. pimpled or toe holes, and 5. shell-less eggs. 
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CHAPTER THREE 
MATERIALS AND METHODS 
 
3.1 Experiment I Survey plan  
Data were collected from 12 different open poultry houses in 
Khartoum State, these include: house structures, dimensions, heat load 
(house temperature, humidity, radiation temperature and body 
temperature), layer productivity, feed intake and egg weight and 
quality.  
3.1.1 Experimental birds 
 Eight months –old Lohman layer breed were used in this study. 
The density of the birds was 5birds/m2. 
 3.1.2 Feeding:  
The constituents of feed for the experimental birds are shown in 
table No (1): 
Table No (1): The constituents of feed for the experimental birds 
Ingredients                                  (%) 
Crud protein 17 
Crude fibre 5 
Lysine  7 
Methionine 0.45 
Fat 3.5  
Calcium 3.63 
Phosphorus 0.51 
Metabolisable energy  2850 kCal  
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3.1.3 Lighting 
Light was provided during the study period by natural light plus 
artificial light using bulb lamp of 60 watt to complete 16 hour light 
/day.  
3.1.4 Experimental plan 
   Tow experiment were conducted one during summer and the 
other during winter to study the effect of open poultry houses on the 
physiological performance and productivity of layer hens.                                
3.1.5 House type 
Twelve houses were selected randomly, from some poultry 
farms in Khartoum, and the structures and dimensions of these houses 
war as follows: 
3.1.5.1 The structures and dimensions of house No 1 
The house is an open sided in east-west direction. It has clear 
span structures from side wall to side wall located in Shambat in the 
(Dr. Mohammed Basheer farm). The house was constructed of 
concrete floor, zinc flat roof and net bricks in two sides begin from the 
floor with posts. The floor was covered with wood shavings as 
bedding material. House dimensions are 10 m wide, 18 m long with 
2.7 m high North side, 2.3 m high South side Ceiling begins before the 
roof in the south with 0.10 m and it ends after roof  with 0.15 m North. 
The door of the house opens north. 
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 Fig 1: The sketch of house No. 1 
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Fig 2: House No. 1 
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3.1.5.2 The structures and dimensions of house No 2 
The house an open sided in east-west direction. It has clear span 
structures from side wall to side wall located in Shambat                  
(Dr. Mohammed Basheer farm). The house was constructed of 
concrete floor, zinc flat roof and net bricks in two sides begin with 0.5 
m wall  with posts. The floor was covered with wood shavings as 
bedding material. House dimensions are 10 m wide, 20 m long with 
2.7 m high North side, 2.3 m high South side, Ceiling begins before 
the roof in the south with 0.1 m and it ends after roof  with 0.15 m 
North. The door of the house opens north.  
Fig 3: The sketch of house No. 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
o.5m
2.7m
10m
20m
2.3m 
o.1m
o.1m
28  
 
 
 
 
 
 
Fig 4: House No. 2 
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3.1. 5.3 The structures and dimensions of house No 3 
 The house is an open sided in east-west direction. It has clear 
span structures from side wall to side wall located in Shambat (Dr. 
Mohammed Basheer farm). The house was constructed of concrete 
floor, zinc Trusses (Gamalon) roof, without ventilation inlets and net 
bricks in two sides begin with 0.5 m wall with posts. The floor was 
covered with wood shavings as bedding material. House dimensions 
are 10 m wide, 18 m long with 3.1 m high North side, 3.1 m high 
South side, and 3.4 m in the middle. Ceiling begins before the roof in 
the south with 0.2 m and it ends after roof with 0.2 m north. The door 
of the house opens south. 
  Fig 5: The sketch of house No. 3 
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Fig 6: House No. 3 
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3.1. 5.4 The structures and dimensions of house No 4 
The house is an open sided in east-west direction. It has clear 
span structures from side wall to side wall located in Halfayate Almlok  
in the (Dr. Babiker Margani farm). The house was constructed of 
concrete floor, zinc Trusses (Gamalon) roof, without ventilation inlets 
and net bricks in two sides begin with 0.5 m wall with posts. The floor 
was covered with wood shavings as bedding material. House 
dimensions are 14 m wide, 25 m long with 2.8 m high North side, 2.8 
m high South side, and 3 m in the middle. Ceiling begins before the 
roof in the south with 0.2 m and it ends after roof with 0.2 m north. 
The door of the house opens north.  
Fig 7: The sketch of house No. 4 
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Fig 8: House No. 4 
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3.1. 5.5 The structures and dimensions for house No 5 
 The house is an open sided in east-west direction. It has clear 
span structures from side wall to side wall located in Shambat in the 
(Dr. Bader Aldeen Bakheet farm). The house was constructed of 
concrete floor, zinc falt roof,  without ventilation inlets and net bricks 
in two sides begin with 0.4 m wall with posts. The floor was covered 
with wood shavings as bedding material. House dimensions are 9 m 
wide, 30 m long with 2.6 m high North side, 3 m high South side. 
Ceiling begins before the roof in the south with 0.3 m and it ends after 
roof with 0.3 m north. The door of the house opens east.   
Fig 9: The sketch of house No. 5 
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Fig 10: House No. 5 
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3.1. 5.6 The structures and dimensions of house No 6 
The house is an open sided in east-west direction. It has clear 
span structures from side wall to side wall located in Shambat in the 
(Mr. AbdAlbaset Mohmed farm). The house was constructed of 
concrete floor, zinc Trusses (Gamalon) roof, without ventilation inlets 
and net bricks in two sides begin with 0.2 m wall with posts. The floor 
was covered with wood shavings as bedding material. House 
dimensions are 8 m wide, 12 m long with 2.2 m high North side, 2.2 m 
high South side, and 2.6 m in the middle. Ceiling begins before the 
roof in the south with 0.3 m and it ends after roof with 0.3 m North. 
The door of the house opens east.  
Fig 11: The sketch of house No. 6 
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Fig 12: House No 6 
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3.1. 5.7 The structures and dimensions for house No 7 
 The house is an open sided in east-west direction. It has clear 
span structures from side wall to side wall located in Shambat in the 
(Mr. AbedAlla Ahmed farm). The house was constructed of concrete 
floor, zinc Trusses (Gamalon) roof, with ventilation inlets and net 
bricks in two sides begin with 1.2 m wall with ventilation inlets and 
posts. The floor was covered with wood shavings as bedding material. 
House dimensions are 12 m wide, 25 m long with 2.5 m high North 
side, 2.5 m high South side, and 2.8 m in the middle. Ceiling begins 
before the roof in the south with 0.5 m and it ends after roof with 0.5 
m North. The door of the house opens west. 
 Fig 13: The sketch of house No. 7 
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Fig 14: House No. 7 
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3.1.6.8 The structures and dimensions for house No 8 
 The house is an open sided in east-west direction. It has 
clear span structures from side wall to side wall located in Shambat in 
the (Mr. Ali  Alhar farm). The house was constructed of concrete floor, 
wood Trusses (Gamalon) roof, without ventilation inlets and net bricks 
in two sides begin with 0.35 m wall with posts. The floor was covered 
with wood shavings as bedding material. House dimensions are 8.4 m 
wide, 12 m long with 1.85 m high North side, 1.85 m high South side, 
and 3.1m in the middle. Ceiling begins from the beginning of the north 
wall and it ends at south wall. The door of the house opens north.  
Fig 15: The sketch of house No. 8 
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Fig 16: House No. 8 
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3.1. 5.9 The structures and dimensions for house No 9 
The house is an open sided in east-west direction. It has clear 
span structures from side wall to side wall located in Shambat in the 
(Mr. Moutasim farm). The house was constructed of concrete floor, 
wood Trusses (Gamalon) roof, without ventilation inlets and net bricks 
in two sides begin with 0.4 m wall with posts. The floor was covered 
with wood shavings as bedding material. House dimensions are 8 m 
wide, 10 m long with 1.8 m high North side, 1.8 m high South side, 
and 3 m in the middle. Ceiling begins from the beginning of the north 
wall and it ends at south wall. The door of the house opens north. 
 Fig 17: The sketch of house No. 9 
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Fig 18: House No. 9 
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3.1. 5.10 The structures and dimensions for house No 10 
The house is an open sided in east-west direction. It has clear 
span structures from side wall to side wall located in Shambat in the 
(Mr. Bashir Khalid farm). The house was constructed of concrete 
floor, zinc flat roof and net bricks in two sides begin with 0.7 m wall 
with posts. The floor was covered with wood shavings as bedding 
material. House dimensions are 8 m wide, 30 m long with 3.3 m high 
North side, 2.6 m high South side. Ceiling begins before the roof in the 
south with 0.25 m and it ends after roof with 0.25 m north. The door of 
the house opens south.  
Fig 19: The sketch of house No. 10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3m
8m
30m
2.6m 
o.25m
o.25m
o.7m
44  
 
 
 
 
 
 
Fig 20: House No. 10 
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3.1. 5.11 The structures and dimensions for house No 11 
 The house is an open sided in east-west direction. It has clear 
span structures from side wall to side wall located in Daroshap in the 
(Dr. Jalal farm). The house was constructed of concrete floor, zinc 
Trusses (Gamalon) roof, with ventilation inlets and net bricks in two 
sides begin with 0.5 m wall with posts. The floor was covered with 
wood shavings as bedding material. House dimensions are 10 m wide, 
25 m long with 2.8 m high North side, 2.8 m high South side, and 3.6 
m in the middle. Ceiling begins before the roof in the south with 0.5 m 
and it ends after roof with 0.5 m north. The door of the house opens 
south.  
Fig 21: The sketch of house No. 11 
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Fig 22: House No. 11 
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3.1. 5.12 The structures and dimensions for house No 12 
The house is an open sided in east-west direction. It has clear 
span structures from side wall to side wall located in Shambat in the 
Department of physiology, Faculty of Veterinary Medicine. The house 
was constructed of concrete floor, zinc Trusses (Gamalon) roof, with 
ventilation inlets and net bricks in two sides begin with 0.5 m wall 
with posts. The floor was covered with wood shavings as bedding 
material. House dimensions are 9 m wide, 18 m long with 2.4 m high 
North side, 2.4 m high South side, and 4.4 m in the middle. Ceiling 
begins before the roof in the south with 0.5 m and it ends after roof 
with 0.5 m north. The door of the house opens east.  
Fig 23: The sketch of house No. 12 
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Fig 24: House No. 12 
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3.1.6 Measurements of temperature 
3.1.6.1 House temperature 
 The dry and wet-bulb temperature measurement were carried 
out in the houses using an aspiration psychrometer (Wilh Lambercht-
GmbH-Gottingen- Germany), the ambient temperature was measured 
weekly at 7:00am and 3:00pm.   
3.1.6.2 House radiation temperature 
The weekly maximum and minimum radiation temperatures 
were measured by manual thermometer ended with black bulb. 
 3.1.6.3 Rectal temperature 
  The temperatures of bird was obtained by using a digital 
thermometer, the reading were taken weekly. The thermometer was 
inserted into the rectum about 3cm touching the wall of the rectum, for 
1.5 – 2 minutes. 
3.1.7 Relative humidity 
 The percentages of humidity were computed weekly from the 
measurements of dry-bulb and wet bulb temperature using an 
aspiration psychrometer (Wilh Lambercht-GmbH-Gottingen- 
Germany). 
3.1.8 Feed intake 
The actual intake was obtained by subtracting the weight of feed 
residue from the offered feed, (using electronic digital balance 
Sartorius- Type- 1403). Food consumption was obtained  weekly. 
 3.1.9 Egg production  
 The eggs were collected daily and evaluated on hen/day egg 
production%. 
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 3.1.10 Egg Quality 
Egg quality measurements were taken weekly during the 
experimental period. 
 3.1.10.1 Egg weight  
The egg weight was obtained on electronic digital balance 
(Sartorius- Type- 1403) after collection. 
3.1.10.2 Egg shell thickness 
The shell thickness was measured weekly by using a vernier 
caliper (Karl Kolb- West Germany) during the experimental period.  
All the above parameters were measured in winter and summer 
seasons. 
3.2 Experiment 2 
         It was conducted to study the effect of open poultry houses on 
physiological performance, hematology, (blood profile), egg 
production and egg quality of layer hens. 
3.2.1 Experimental birds and housing 
A total number of 300 layers (Lohman breed) at 8 month /old   
were used in this study.  
The birds were obtained from Gasim farm in Shambat – North 
Khartoum, and thy were kept in house (12)   
3.2.2 Blood analysis 
 1 ml of blood were collected from the wing vein (italics ulnaris), 
scrubbed by disinfectant (Detol) before getting punctured with insulin 
disposable syringe with 27-gauge needle.  
 The weekly collection of blood samples was limited for 8 week 
from 30 birds. Blood samples were transferred carefully into 
heparinized tube, and they were shacked gently before being used for 
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the determination of Packed Cell Volume (PCV), haemoglobin 
concentration (Hb) and total White blood cell (TLC). The rest of the 
blood was centrifugated (Gallenkamp junior centrifuge) at 3500 r.p.m. 
for 10 min to separate plasma samples. Haemolysis: free sample were 
started frozen at -200C for subsequent analysis.  
3.2.2.1 Packed cell volume (PCV) 
The packed cell volume of erythrocytes was measured in 
duplicate using plain capillary tubes. The tube was filled with blood 
approximately up to 3/4 and on end was sealed by cristaseal. Then they 
were centrifuged at 12000 r.p.m for 5 min in a micro-haematocrit 
centrifuge (Hawksley- England) and the PCV was read from the 
haematocrit reader and it was expressed as percentage (Swanson 
1977). 
3.2.2.2 Haemoglobin concentration (Hb) 
 The haemoglobin concentration was determined by the cyano-
methhaemoglobin techneque  using   (spin- react- Haemoglobin –
Drabkin kit). 
3.2.2.3 White blood cell count (TWBCs) 
 The WBC was counted in improved Neubauer haemocytometer 
using (Natt and Herrick) as a dilution fluid ( NaCl 3.88g, NaSO4 2.5g,  
Na2HPO4.12H2O 2.91g, KH2PO4 0.25g, formalin 37% 7.5ml, methyl 
violet 0.1g, distilled water up to 1 litre). 
The pipette was filled with blood to the 0.02 mark. The blood 
sample was added to 4 ml of dilution fluid in a test tube. The tube was 
shaken gently and left for 2 min. The dilution of blood obtained was 
1:20.  The improve Neubauer haemocytometer and cover slip were 
cleaned and the cover slips was pressed on the surface of the 
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haemocytometer. The diluted blood was mixed and the counting 
chamber was filled using Pastuer pipette, and then the cells were 
allowed to settle for 5 min. Under low power using X 10 objective of 
the bright field microscope (KYOWA), the number of white blood 
cells was counted in each of the 4 large corner squares. The calculation 
was made by multiplying the number of cells counted (N) by both the 
dilution factor and the volume factor. Each large square has an area of 
1mm3. Since 4 large square were used for counting, the total volume 
was 0.4 mm3. Because the standard volume used in cell count was 
1mm3, this volume was multiplied by 2.5. The total white blood cell 
(WBC) count was obtained was follows: 
 
Total WBC count (X 103/mm3) = 
           
     N  X  20 
   0.4 
    =  N X 2.5 X 20 
    = N X 50   
                                          Where  N   =      Number of counted WBCs 
3.2.2.4 Plasma metabolites 
3.2.2.4.1 Plasma total protein 
Plasma total protein concentration was determined using biuret 
reagent methods as described by (King and Wooton, 1956). 
3.2.2.4.2 Plasma albumin 
Plasma albumin concentration was determined using 
calorimetric method of (Baratholmew and Delaney 1966). 
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3.2.2.5  Plasma calcium 
The concentration of calcium was determined using calorimetric 
method described by (Trinder, 1967).  
 3.3 Statistical analysis 
 The statistical analysis was performed using (SPSS). Analysis of 
variance (ANOVA) test was carried out to examine the effects of open 
poultry houses designs on physiological performance of layer hens. 
Mean separation was performed using Duncan Multipe Range Test.  
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CHAPTER FOUR 
RESULTS 
 Most of the houses were badly kept, the surrounding 
environment was very poor as seen from the photographs of most of 
the houses, which beside the severe heat stress in some of them, was 
not conducive to good poultry keeping; some houses specially those 
with plastic, straw or wooden roofs could leak in the rainy season, and 
could aggravate the unhealthy and bad condition. 
 The owners of these farms were very helpful to have uniform 
breed and feed composition. 
 The results of this study were presented in 8 graphs and 32 
figures.  
4.1 The effect of different housing on house temperature during 
summer season 
   Figure (25) shows the differences between the 12 poultry houses 
structures used in this study. The results showed highly significant 
difference (P< 0.001) in summer. The lowest temperature during 
summer season was 41.47c0 and the highest one was 46.32c0 which 
were found in house 11 and 6; respectively.  
4.2 The effect of different housing on house temperature during 
winter season 
   Figure (25) shows the differences between the 12 poultry houses 
structures used in this study. The results showed significant difference 
(P< 0.05) in house temperature in winter season. The lowest 
temperature in winter season was 28.230C and the highest one was 
31.930C which were found in house 11 and 6; respectively.  
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Figure (25) the effect of different housing on house temperature 
(C0) during summer and winter seasons  
 
* During the same season, values with the same letters are not 
significantly different at p < 0.05 
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4.3 The effect of different housing on house humidity during 
summer season 
Humidity increased in summer season in all houses. Figure (26) 
showed that there was highly significant (P< 0.001) difference in 
relative humidity between the different experimental houses during 
summer season. House 11 gave the lowest humidity (59.58%) and 
house 7 gave the highest one (60.83%). 
4.4 The effect of different housing on house humidity during 
winter season 
Humidity decreased in winter season in all houses. Figure (26) 
showed that there was significant (P< 0.05) difference in relative 
humidity between the different experimental houses during winter 
season. The lowest humidity in winter season was (30.42%) which 
were found in house 10 and 5. The highest humidity was (39.75%) 
which was found in house 2. 
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Figure (26) the effect of different   housing on house humidity (%) 
during summer and winter seasons 
 
* During the same season, values with the same letters are not 
significantly different at p < 0.05 
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4.5 The effect of different housing on house radiation temperature 
during summer season 
Radiation temperature during summer period ranged between 
43.72°C – 49.60°C. Figure (27) showed that there was highly 
significant (P< 0.001) difference in radiation temperature between the 
different experimental houses during summer season. House 11 gave 
the lowest radiation temperature (43.720C) and house 6 gave the 
highest one (49.600C). 
4.6 The effect of different housing on house radiation temperature 
during winter season 
Radiation temperature during winter period ranged between 
30.73°C – 34.34°C. Figure (27) showed that there was significant    
(P< 0.01) difference in radiation temperature between the different 
experimental houses during summer season. House 11 gave the lowest 
radiation temperature (30.730C) and house 6 gave the highest one 
(34.340C). 
 
 
 
 
 
 
 
 
 
 
 
59  
 
 
 
25
30
35
40
45
50
55
1 2 3 4 5 6 7 8 9 10 11 12
House (No)
ra
di
at
io
n 
te
m
pe
ra
tu
re
 (C
0)
Winter (C0)
Summer (C0)
ab
ab ab
bc bc bc
c
bc
ab ab
ab
a
b b
e de
cd
f ef
cd c c
a a
 
Figure (27) the effect of different housing on house radiation 
temperature (0C) during summer and winter seasons 
 
* During the same season, values with the same letters are not 
significantly different at p < 0.05 
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4.7 The effect of different housing on rectal temperatures of layers 
during summer season 
 Figure (28) summarized the values of the rectal 
temperature of layers in different experimental poultry houses during 
summer season. Rectal temperatures in summer were highly 
significantly difference (P< 0.001) among the houses and were ranged 
between 42.280C to 42.97 0C. House 11 gave the lowest rectal 
temperature (42.280C) and house 6 gave the highest one (42.970C). 
4.8 The effect of different housing on rectal temperatures of layers 
during winter season 
Figure (28) summarized the values of the rectal temperature of 
layers in different experimental poultry houses during winter season. 
Rectal temperatures were highly significantly (P< 0.001) difference 
between houses, and were ranged between 41.460C to 42.08 0C. House 
4 gave the lowest rectal temperature (41.510C) and house 6 gave the 
highest one (42.080C). 
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Figure (28) the effect of different housing on rectal temperature 
(0C) during summer and winter seasons 
 
* During the same season, values with the same letters are not 
significantly different at p < 0.05 
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 4.9 The effect of different   housing on feed intake during summer 
season 
Figure (29) shows the comparison of values of feed intake 
(kg\week\bird) of layers kept in the different experiment houses (1-12) 
in summer. There was significant difference (P< 0.001) between the 
houses. The lowest feed intake in summer season was 
587.2g\week\bird and the highest one was 682.75g\week\bird which 
was found in houses 7 and 11; respectively.  
4.10 The effect of different   housing on feed intake during winter 
season 
Figure (29) shows the comparison of values of feed intake 
(kg\week\bird) of layers kept in the different experiment houses (1-12) 
in winter. There was significant difference (P< 0.001) between the 
houses. The lowest feed intake in winter was 741.92g\week\bird and 
the highest one was 790.75g\week\bird which was found in houses 6 
and 11; respectively.  
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Figure (29) the effect of different housing on layers feed intake 
(g\week\bird) during summer and winter seasons 
 
* During the same season, values with the same letters are not 
significantly different at p < 0.05 
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4.11 The effect of different housing on layers egg production 
during summer season 
Figure (30) showed that there was highly significant (P<0.001) 
difference in total egg production between the different experimental 
houses during summer season. The rate of egg production decreased 
significantly (0.05) in summer season. House (6) gave the lowest 
production (72.04%) and house (11) gave the highest one (78.22). 
4.12 The effect of different housing on layers egg production 
during summer season 
Figure (30) showed that there was highly significant (P<0.001) 
difference in total egg production between the different experimental 
houses during winter season. The rate of egg production increased 
significantly (0.05) in winter season. House (6) gave the lowest 
production (86.58%) and house (11) gave the highest one (90.16). 
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Figure (30) the effect of different housing on layers egg production 
(%) during summer and winter seasons 
 
* During the same season, values with the same letters are not 
significantly different at p < 0.05 
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4.13 The effect of different housing on layers egg shell thickness 
during summer season 
Data of the eggshell thickness were presented in Figure(31) 
there was highly significant difference (P<0.001) in egg shell thickness 
during summer season. The lowest egg shell thickness in summer 
season was (0.32mm) and the highest one was (34mm) which were 
found in house (6) and (11); respectively.  
4.14 The effect of different housing on layers egg shell thickness 
during winter season 
Data of the eggshell thickness were presented in Figure(31) 
There was no significant difference (0.05) in egg shell thickness 
between houses during winter season. 
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Figure (31) the effect of different housing on egg shell thickness 
(mm) during summer and winter seasons 
 
* During the same season, values with the same letters are not 
significantly different at p < 0.05 
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4.15 The effect of different housing on layers egg weight during 
summer season 
 Figure (32) showed the effect of different housing on the egg 
weight during summer season. There were highly significant 
differences between experimental houses. House 6 showed the lowest 
weight, while house 12 showed the highest one. 
4.16 The effect of different housing on layers egg weight during 
winter season 
 Figure (32) showed the effect of different housing on the egg 
weight during winter season. There were highly significant differences 
between experimental houses. House 6 showed the lowest weight, 
while house 11 showed the highest one. 
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Figure (32) the effect of different housing on egg weight (g) during 
summer and winter seasons 
 
* During the same season, values with the same letters are not 
significantly different at p < 0.05 
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4.17 The constituents and characteristics of blood of birds kept in 
experimental house No 12 during summer season 
 
Table (2) showed the mean values of packed cell volume (PCV) 
and haemoglobin concentration (Hb) Plasma total protein, Plasma 
(Ca++) and total white blood count in house No (12) during production 
period in summer season.  
 
Table (2): The constituents and characteristics of blood of birds 
kept in experimental house No 12 during summer season 
 
Mean  Parameter  
28.3   PCV % 
13.2  Hb 
2200  T.W.B.C 
6.9  Ca 
6.1  Total Protein  
3.32 Albumen 
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CHAPTER FIVE 
DISCUSSION 
5.1 The effect of different open housing designs on house 
temperature: 
  As it has been shown in Figure (25) there is highly significant 
difference in temperature between houses in summer (P< 0.001). 
House 11 gave lowest temperature and House 6 showed the highest 
temperature.  
   Figure (25) show that there was significant difference in 
temperature between houses in winter (P<0.05). This is could be due to 
the difference in the type of roofs, height, width and house materials. 
Also house 11 gave lowest temperature and House 6 showed the 
highest temperature in winter.  
This is due to the highest roof and good ventilation in house 11, 
and flat roof without ventilation and short height in house 6. This 
finding goes with those of William, et. al, (2001) who pointed the 
importance of insulated roofs and side walls to control the temperature 
and showed importance of air ventilation. 
5.2 The effect of different open housing designs on house humidity: 
As it has bee shown in Figure (26) there is significant difference 
in humidity between houses in summer (P< 0.001). House 11 has the 
lowest humidity (51.5%) and house 7 with the highest one (60.83%).  
Figure (26) show that there was highly significant difference in 
humidity between houses in winter (P< 0.05). The lowest humidity 
was (30.42%) which were found in house 5 and 10; respectively. The 
highest humidity was (39.75%) which were found in house 2.  
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Bad ventilation is the reason behind this high humidity in 
summer and winter seasons. Blanes and Pedersen, (2005) stated that 
ventilation  influences heat, moisture and gas balance, and 
consequently, temperature, relative humidity and gas concentration 
will be affected. 
5.3 The effect of different open housing designs on house radiation 
temperature: 
As shown in Figure (27) there is a significant difference in 
radiation temperature between houses during summer. House 11 
showed the lowest radiation temperature (43.720C), while house 6 
gave the highest radiation temperature (49.60C).  
Radiation temperature in winter as shown in Figure (27) there is 
a significant difference in radiation temperature between houses during 
winter. House 11 showed the lowest temperature (30.340C), while 
house 6 gave the highest temperature (34.340C).  
This might be due to flat roof with poor ventilation and low 
height in house 6. 
5.4 The effect of different open housing designs on layer rectal 
temperature: 
Rectal temperature was significantly different experimental 
houses during summer as shown in Figure (28). Birds kept in house 11 
had the lowest rectal temperature (42.270C). Birds kept in house 6 had 
the highest rectal temperature (42.970C), and this could be due to 
temperature load in this houses. 
In winter Birds kept in house 11 had the lowest rectal 
temperature (41.680C), birds kept in house 6 had the highest rectal 
temperature (42.080C). 
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This could be due to temperature load in this house. 
5.5 The effect of different open housing designs on layer feed 
intake (g\week\bird): 
 Temperature affects feed intake as it has been shown in Figure 
(29). House (11) showed low temperature and bird kept in it showed 
the low rectal temperature with high feed intake (682.75g\week\bird). 
The lowest feed intake was found in house 7 (587.2g\week\bird). They 
were no significant between house 7 and house 6. 
 Figure (29) show that house 11 showed low temperature and 
bird kept in it showed the low rectal temperature with high feed intake 
(790.75g\week\bird). The lowest feed intake was found in house 6 
(741.92g\week\bird).  
This was agree with May and Lott, (1992) who observed that 
feed intake  depresses due to ambient temperature of 40OC. Kocaman 
et al., (2006) reported that feed intake and body weight are affect by 
seasonal changes. (Borges et al., 2003) observed that high 
temperatures are directly related to decrease feed intake. 
5.6. The effect of different open housing designs on layers egg 
production: 
 The egg production is affected by factors like temperature, feed 
intake, humidity, radiation temperature and body temperature as it has 
been shown in Figure (30). In this study house 12 showed the highest 
egg production (78.07%). They were no significant between house 12 
and house 11. However, house 6 gave the lowest egg production 
(72.04%) during summer season. Interestingly, house 11 gave the 
lowest temperature and higher feed intake, while, house 6 gave the 
highest temperature and lowest feed intake.  
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 During winter house 11 showed the highest egg production 
(90.16%). However, house 6 gave the lowest egg production (86.58%). 
Interestingly, house 11 gave the lowest temperature and higher feed 
intake, while, house 6 gave the highest temperature and lowest feed 
intake.  
This integrand in this contant Donkoh and Atuahene, (1988) 
reported that the shift in feed intake is associated with high ambient 
temperature adversely influences the productivity. This goes also with 
the findings of Ensminger et al (1990) observed that egg production 
and feed efficiency decrease when ambient temperature went above 
the thermo neutral zone.  
5.7 The effect of different open housing designs on layers egg shell 
thickness: 
Data on egg shell thickness has been shown in Figure (31) there 
was non significant different between experimental houses during 
winter season.  
Egg shell thickness in summer season has been shown in Figure 
(31), there was significant difference. This is due to the fact that as 
panting develops due to high environmental temperature it affect egg 
shell thickness (a few Ca2Co4 because panting remove Co2 ) and gave 
the significant difference a conscience the difference between houses 
temperature. In context house 11 and 12 showed the highest egg shell 
thickness in summer. Meanwhile, house 6 showed lowest egg shell 
thickness in summer. The present findings of egg shell thickness are in 
consistence with the previous one (Emery et al., 1984, Mohamoud et 
al., 1996 and Mashaly et al., 2004); and it confirmed the advance 
effect of ambient temperature on the egg shell thickness.  
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5.8 The effect of different open housing designs on layers egg 
weight: 
Figure (32) presented the difference between houses in egg 
weight. In summer season houses No 11 and 12 gave the best egg 
weights (63.67 and 63.99g, respectively).Noteworthy, the statistical 
analysis showed that the differences in house temperature and 
radiation temperature. House 6 gives lowest weight in summer 
(60.08g).  
In winter there were significant differences between houses in 
egg weight. House No 11 gave the best egg weights (56.51g). House 6 
gives lowest weight in summer (53.67g). 
There were significant differences between houses in egg weight 
and it seems that there was inverse relationship between egg weight 
and house temperature or radiation temperature Our results is in line 
with the results of (Kirunda et al. 2001) who stated that cyclic 
temperatures decrease egg weight due to the reduction in feed 
consumption. 
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  CHPATER SIX 
CONCLUSIONS AND RECOMMENDATIONS 
 
  High environmental temperatures during summer season have 
direct negative effects on humidity, radiation temperature, rectal 
temperature, feed intake, egg production, egg shell thickness and egg 
weight.  
The present data show that there was strong closed relationship 
between house design and temperatures, Humidity, radiation 
temperature, rectal temperature, feed intake, egg production, egg shell 
thickness and egg weight. The houses with good ventilation and height 
had gave lower temperatures and good production, but houses with bad 
ventilation gave high temperatures, high Humidity, high radiation 
temperature, high  rectal temperature, low feed intake, low egg 
production, thin egg shell and small eggs.    
From the findings of this study, it can be strongly recommend 
that: 
1- The ideal design for poultry houses should have concrete floor, zinc 
Trusses (Gamalon) roof (not less than 3.6 m) with ventilation inlets 
and net bricks in two sides’ beginnings with 0.5 m wall with posts. 
The floor should be covered with bedding material like wood 
shavings. 
2- The ideal house dimensions should be about 10m wide, 25m long 
with 2.8m in height at both the North and South sides. The height in 
the middle should be at least 3.6m. There should be extension to the 
Ceiling on both North and South sides not less than o.5m.  
77  
 
3- More studies on the layer open houses design during summer and 
winter season should be made, with more emphasis on the house 
dimensions and building material of roof and their effect on layer 
physiological performance and production.  
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